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Abstract 
A novel method is presented in order to prevent burrs formation in micro milling process. Burrs 
description and the minimum cutting depth are discussed firstly. Then burr formation mechanism is 
analyzed and it is found that negative shear of tool plays an important role in burr formation. Instant 
adhesive was selected as supporting material to extend the workpiece boundary. Burrs will exist on the 
supporting material instead of workpiece material. Experiments are carried out on a micro machine 
and beryllium bronze is machined with micro end milling tools. The experimental results validate the 
feasibility of this method and most burr-free components are obtained. 
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Introduction 
Micro milling technology has a wide application potential in the fields of aerospace, precision 
instruments, bio-medical, automotive and electronics sectors of aviation (Bodiziak,et al., 2013; 
Bruzzone,et al.,2008; Ramsden, et al.,2007; Vollertsen, et al.,2009; Chae, et al., 2006). Micro milling 
is an effective and efficient way to get complex, three-dimensional micro components in various 
engineering materials (Wu,et al., 2012; Quintana & Ciurana,2011). However, during micro machining, 
burrs always exist especially in metal with plastic performance, which extend over intended and actual 
surface, but to some extent, unavoidable (Aurich,et al., 2009). 
The existence of burrs in components will decrease the dimensional accuracy and reduce surface 
quality. Moreover, components with burrs will result in negative effects or even disastrous 
consequences (Wan, et al., 2013). For instance, in field of aerospace, components with micro burrs 
will significantly affect control accuracy of aircrafts. Micro burrs always exist after micro milling and 
become a difficult problem to solve (Heisel,et al., 2009). Tiny burrs in micro machining are more 
difficult to be removed by conventional approaches, such as brushing, etching, electrolyte and 
ultrasonic (Toh,2007). Furthermore, deburring process may lead to size error and residual stress or 
even damage to the workpiece surface. 
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Burr formation is a complex process of material deformation, affected by many factors, especially 
for micro milling which is a three-dimensional oblique cutting process. So it is quite difficult to 
control burrs formation. Currently, most of the studies are based on experimental methods, which 
identify the impact of various factors on the burr by changing the experimental parameters, and then 
adjusting the factors to control the micro burrs formation (Gillespie,et al., 1976; Lee,et al.,2002; 
Schmidt & Tritschler, 2004; Chern,2006; Teo,2009). Therefore, the control and removal of micro burr 
has been the focus of research in the field of micromachining. This paper presented a new burr control 
method based on burr formation mechanism.  
Burrs Formation and Control Mechanism 
1.1 Burrs Description in Micro Milling 
Burrs descriptions are different with different manufacturing processes, shapes, and material 
properties. Many researchers have developed models on burr formation in different machining 
processes (Pekelharing, 1978; Hashimura, et al., 1999). The following two descriptions are adopted by 
most researchers and are widely used in the field of micro milling. 
 
Figure 1: Schematics of Poisson burr, tear burr and rollover burr 
The first burrs description is based on cause of formation. Four types of machining burrs were 
investigated: Poisson burr, rollover burr, tear burr and cut-off burr, as shown in Figure 1. The Poisson 
burr is a result of the material’s tendency to bulge to the sides when it is compressed until permanent 
plastic deformation occurs. The rollover burr is essentially a chip which is bended rather than sheared 
resulting in a comparatively large burr. This type of burr is also known as an exit burr because it is 
usually formed in the final stage of cutting process. The tear burr is the result of material tearing loose 
from the workpiece rather than shearing clearing. It is similar to the burr formed in punching 
operations. The cut-off burr is the result of workpiece separation from raw material before the 
separation cut is finished. 
The second description of burrs is classified by Hashimura according to burr locations, burr shapes 
and burr formation mechanisms. The burr attached to the surface machined by the minor edge of the 
tool is named as exit burr. A side burr is defined as a burr attached to the transition surface machined 
by the major edge and a top burr is defined as a burr attached to the top surface of the workpiece. The 
burr-types are shown in Figure 2 (Gillespie et al.,1976). 
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Figure 2: Types of milling burrs 
1.2 Minimum cutting depth 
Edge radius of cutting tool or ratio of edge radius to depth-of-cut plays a critical role in 
micromachining because edge radius cannot be ignored like in conventional cutting. The micro cutting 
process is divided into the following three kinds of circumstances, according to the size difference 
between the tool edge radius rn with the depth-of-cut of the tool α0. When depth-of-cut is much smaller 
than the tool edge radius, workpiece material is cut by a large negative rake angle, which results in 
serious friction between chip and rake face. This will increase tool wear and material shear 
deformation. But there is no chip occurring and there is only plowing and slipping elastic deformation 
of material under this condition, seen in Figure 3(a).  When depth-of-cut is equal to the edge radius of 
cutting tool or reaches to critical cutting thickness, material can be removed by cutting tool. In this 
case, chips are generated intermittently and actual working rake angle of tool changes with the depth-
of-cut, as shown in Figure 3 (b). When depth-of-cut is much larger than the tool edge radius, the 
influence of tool edge radius is going to decrease gradually in the machining process, which is 
illustrated in Figure 3 (c).  
When the depth-of-cut is in a certain amount, there is only elastic-plastic deformation occurring in 
the workpiece without chip formation, and the depth-of-cut is called the minimum cutting depth at this 
moment, which mainly depends on the tool edge radius and characteristics of the workpiece material. 
In general, depth-of-cut is larger than the minimum cutting depth in order to improve the tool life, 
enhance machining quality of the surface and avoid sliding friction, extrusion or plowing. 
 
 
Figure 3: The influence of  and  on chip formation  
1.3 Burrs formation mechanisms 
The burr formation mechanism is shown in Figure 4(Yang, 2010), which can be divided into six 
stages in whole machining process. Compression and shearing deformation create chip along the 
primary shear zone in continuous cutting process, as shown in Figure 4(a). Moreover, the edge radius 
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of cutting tool is difficult to be reduced to a very small extent. So due to tool tip compression and 
shearing, primary shear zone, plastic deformation zone and elastic deformation zone are formed on 
workpiece surface. Deformation zones locate at the tool tip. When cutting edge of tool is close to the 
workpiece boundary, to some extent, the plastic zone also reaches to workpiece boundary as illustrated 
in Figure 4(b). Elastic deformation zone on the workpiece extends and expands along the direction of 
lowest resistance. As shown in Figure.4(c), plastic deformation occurs at the workpiece boundary. As 
cutting tool continues to move forward, material above slip line is pushed down, then plastic 
deformation further extends and expands to connect other plastic deformation zones. Furthermore, 
deformation of workpiece further develops, illustrated in Figure 4(d), which promotes the crack 
growing along the primary shear zone. Moving along the slip line, the tool not only leads to a growing 
crack but also deforms the workpiece, shown in Figure 4(e). At last, the crack causes separation of the 
chip along the cutting line, and burr is left  on the corner of the workpiece, as shown in Figure 4(f).   
 
Figure 4: Burrs formation mechanism in micro milling. (a)Elastic and plastic deformation zone appear. (b)Elastic 
zone reaches workpiece edge. (c)Plastic zone reaches to workpiece boundary. (d)Plastic zones are connected. 
(e)Crack grows along the slip line. (f) Burrs formation on workpiece.  
1.4 Burrs control mechanism based on supporting material 
An innovative method is presented to prevent the burrs generation based on the above analysis 
about the mechanisms of burrs formation, mainly to extend the boundaries of the workpiece by other 
materials as illustrated in Figure 5. If a certain kind of material, such as support material, is selected to 
deposit on workpiece surface, which provides auxiliary support force and increases the stiffness of the 
original edge of the workpiece. So the support material can prevent plastic deformations further 
increasing at the edge of workpiece. When the tool radius slides over the edge of the workpiece, the 
primary shear zone, the plastic zone and the elastic zone are extended to the supporting material. 
Therefore, the burrs are going to generate on support material in place of the workpiece. The support 
material is removed when the machining process completed and then burr-free component is achieved 
without damaging the shape of component, as shown in the Figure 5. The specific process of 
preventing burr formation is shown in Figure 6.  
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Figure 5: Burrs control mechanism in micro milling. (a) Extending workpiece boundaries with support ing 
material. (b) Crack grows on the support material. (c) Burrs formation on the support material. 
 
Figure 6: The process of burr control 
1.5 Supporting material selection 
Selecting the auxiliary supporting materials is the most critical step to prevent burrs formation. 
Support material should be carefully selected and there are several requirements for its application˖  
It should have sufficient stiffness and strength, which can provide enough auxiliary supporting 
force, so that it can prevent the occurrence of plastic deformation at the boundary of workpiece.  
It should have sufficient cohesive strength with the workpiece in order to avoid breaking off of the 
support material when the tool is closed to the workpiece edge.  
It should be easy to deposit on the surface of workpiece. Considering the feasibility of the 
operation process, the support material should has good fluidity so that it will be easier to deposit on  
surface of workpiece.  
It should be easy to be removed. This is an important step for the successful application of the 
method. Only in this way, can it ensure that the surface is not damaged. 
It  must not pollute the workpiece. The elements of support material should not affect the physical 
and chemical properties of the workpiece in order to ensure the excellent application performance after 
machining process.  
It should have good economy for cost reduction in the production process, which is important for 
the promotion in the industrial fields. 
Based on the above analysis, instant adhesive is selected as supporting material, which is different 
with low melting point alloy, which was used before in our research group. The main component of 
instant adhesive is D-ethyl cyanoacrylate, including tackifiers, stabilizers, toughening agents, 
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polymerization inhibitor and so on. The instant adhesive can play an effective role at a temperature of 
-55ć-70ć condition and the shear strength is 18MPa. The flow ability of the instant adhesive is 
perfect and can be solidified rapidly whether it is in the water or in the air. Furthermore, its stiffness 
and strength are stable relatively. Instant adhesive is widely used in industry for its excellent 
performances to joint different materials.  
Experimental Set-up and Procedures 
1.6 Micro Milling Machine and Micro Milling tool 
A five-axis micro machining center was employed to carry out the micro milling experiments as 
shown in Figure 7(a). The maximum rotational speed was 50,000 rpm and axis travels were 250 mm 
for X, 220 mm for Y, 250 mm for Z, respectively. It was equipped with a laser Control NT used to 
measure the micro milling tools and a CCD amplifier used to observe processing conditions.  
The micro milling tools used in the experiments were two-fluted PVD-coated cemented carbide 
flat end mills, shown in Figure 7 (b), which were manufactured by NS company. All micro milling 
tools had a nominal diameter of 0.5 mm. The edge length was 0.7mm and the effective blade length 
was 2mm. A cone shank with diameter of 3 mm and length of 40 mm was used to fit the spindle 
collets. The cutting edge of the tool is shown in Figure 7(c). 
 
 
Figure 7: Micro milling machine and tools used in micro milling experiments. (a) Micro milling machine tool. (b) 
Micro milling tool. (c) Cutting edge of micro milling tool. 
1.7 Workpiece and supporting material deposition 
Beryllium bronze (QBe1.7) is used as workpiece in this experiment which possessed excellent 
combination performances, such as small elastic hysteresis, high fatigue strength, stable elasticity and 
little sensitivity to the change of temperature. It is widely used in micro sensitive components, elastic 
part in precision instruments. The chemical compositions and the mechanical properties of the material 
are presented in Tables 1 and 2, respectively.  
It is easy to deposit the support material on the workpiece surface for the good flow ability of the 
instant adhesive. The liquid instant adhesive was uniformly coated on the surface of the workpiece 
before it was cut. Because the thickness of instant adhesive had little influence on tool life, therefore 
the thickness of instant adhesive could be controlled by hand. The coating process is efficient because 
the instant adhesive can solidify in short time, which is a perfect characteristic for the application in 
industrial fields. In this experiment, in order to ensure the inhibition of the auxiliary support material 
for the generation of burrs, the thickness of the coating reached 40um. Because the hardness of instant 
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adhesive is much lower than the workpiece material, which has little effect on tool life. so  the 
thickness of the coating can be ignored in the cutting process. 
 
Al Fe Pb Si Ni Ti Be others Cu 
0.15 0.15 0.005 0.15 0.20 0.20 1.75 0.50 balance
Table 1:  Chemical composition of QBe1.7㸦wt.%㸧 
Tensile strength㸦
MPa㸧 
Yield strength㸦
MPa㸧 
Elongation
㸦%㸧 
Hardness㸦
HRC㸧 
Elastic modulus 
(GPa) 
1105 1035 1 38-44 128 
Table 2:  Mechanical properties of QBe1.7 
1.8 Cutting parameters 
Micro straight microgrooves and curved microgrooves on the workpiece are machined with micro 
milling tools. The cutting depth should be greater than the minimum cutting depth,In order to avoid 
the sliding friction and plowing between the workpiece and the tool. The minimum cutting depth of 
the workpiece material is obtained by experiments. The specific operation is to undergo a series of 
cutting tests using different cutting depths. Then surface morphology after processing was observed 
through digital microscope system. Experimental results show that the minimum depth of beryllium 
bronze (QBe1.7) is 3um, which includes the combined effects of the tool edge radius and machine 
tools.The experiment is divided into two groups using the same cutting parameters in Table 3. The 
first group was deposited supporting structure by the instant adhesive, while the second group was not.  
 
Spindle speed, 
㸦r/min㸧 
Feed speed, 
fV (mm/min) 
Cutting speed, 
(m/min) 
Depth of cut 
(um) 
25000 30 39.25 40 
Table 3:  Cutting parameters. 
1.9 Supporting material removal and cleaning 
After micro milling, the workpiece is placed in a container filled with 80Υ hot water for ten 
minutes before it was taken out. The viscosity of the instant adhesive was destroyed gradually if it was 
immersed in hot water above 70Υ. The instant adhesive could be peeled off easily from the workpiece 
surface. Pictures of supporting material before and after immersion are shown in Figure 8.  
n cV pa
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Figure 8: Pictures of workpiece with supporting material before and after immersion. (a) Surface of workpiece 
coated with instant adhesive. (b) Workpiece after immersion. (c) Separation of supporting material and workpiece.  
Experimental results and analysis 
Straight microgrooves and curved microgrooves was machined and the topographies are shown in 
following several figures (Figure 9 to Figure 10), which were observed with digital microscope system 
VHW-600E of Keyence corporation under above experimental condition in Table 3. In the Figure 8, 
there is burr topography of straight microgrooves after micro milling. Burrs formed on both sides of 
straight microgroove as shown in Figure 9(a) and most of them are top burrs, which was the result of 
plastic deformation under effect of cutting tool, leading to the surface material on both sides of the 
micro channel bending. In this case, large burrs appeared on both sides and it is difficult to distinguish 
between burrs generated on up milling side and burrs generated on down milling side. As shown in 
Figure 9 (b), burr topography along straight microgroove before the supporting material being 
removed. There are top burrs on the workpiece after micro milling and burrs presented continuous 
distribution on the down milling side. Also along the microgroove, chips are also difficult to be 
removed due to the narrow space, which result in the cutting portion cannot contact with the air 
sufficiently. Because the rigidity of instant adhesive is lower than workpiece, the burrs formed on 
supporting material were larger than burrs generated on workpiece. Burr topography of straight 
microgroove after the supporting material being removed is shown in Figure 9(c ). There were no 
significant burrs on both sides of the straight microgroove, which demonstrated that the supporting 
material had an obvious effect to control burrs generation.  
 
Figure 9: (a) Burr topography along straight microgroove without supporting material. (b) Burr 
topography along straight microgroove before supporting material is removed. (c) Burr topography of 
straight microgroove after the supporting material being removed. 
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In Figure 10, there are burr topographies of curved microgrooves after micro milling. Burr 
topography along curved microgroove without supporting material is shown in Figure 10 (a) and top 
burrs and chips exist on workpiece. Furthermore, burrs on the down milling side were comparatively 
larger than that is on the up milling side. As shown in Figure 10 (b), burr topography along curved 
microgroove before the supporting material is removed. Banded burrs generated inside of curved 
microgroove. In this case, the microgroove filled with chips. Burr topography of curved microgroove 
after the supporting material being removed is shown in Figure 10(c ).  
Top burrs
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Figure 10: (a) Burr topography along curved microgroove without constructing supporting material. (b) Burr 
topography along curved microgroove before the supporting material being removed. (c) Burr topography of 
curved microgroove after the supporting material being removed. 
 
Furthermore, workpiece have to be kept clean and should not be contaminated by other elements, 
especially elements from instant adhesive. Energy-dispersive X-ray spectroscopy was carried out to 
investigate the element change in the surface of the workpiece. The investigated point was located at 
the surface of the workpiece, where the supporting material were removed after micro milling, as 
shown in Figure 11, the blue point. The workpiece consisted of beryllium bronze(QBe1.7) and the 
elements such as N element,belonging instant adhesive was not found on the workpiece surface. 
 
Figure 11:  Element analysis by the EDS. 
Conclusions  
A new method was presented to control burr formation by employing supporting material. The 
following conclusions can be drawn after a series of experiment validations: 
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Negative shear of cutting tool plays an important role in burr generation. In order to enhance the 
rigidity of workpiece boundary, it should be deposited with supporting materials so as to extend the 
workpiece boundary and provide enough supporting force. 
Edge radius of micro tool cannot be ignored in micro milling. Small cutting depth will result in 
serious friction appearing between the chip and the rake face of the tool, which lead to the increases of 
tool wear and material shear deformation. In general, the cutting depth should be greater than the 
minimum cutting depth. 
The instant adhesive was selected based on the analysis of support material requirements. 
Experiments were conducted to validate the proposed method. The results showed that burrs did not 
appear on the workpiece surface after the instant adhesive was removed and EDS analysis revealed 
that there was no contamination on the workpiece surface. 
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